INTRODUCTION
Recently, face recognition using micropattern representation has received much attention in the computer vision and pattern recognition community [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] . One such micropattern representation, the Local Binary Pattern (LBP) [1] , was first used for texture classification [2] , but later extended to background modeling [3] , face detection [4] , expression analysis [5] and face recognition [6] . The micropattern representation has the advantages of high discrimination capacity, invariance against monotonic grayscale changes and computational efficiency. There have been a lot of researches devoted to improving the performance of LBP. For example, Zhao et al. [7] proposed a Sobel-LBP to enhance the performance of LBP using the Sobel operator. Zhang et al. [8] proposed a Local Derivative Pattern (LDP) to encode high-order multi-directional micropatterns for face recognition. To further increase the discrimination ability, the micropattern representation has been extended from gray-level images to Gabor magnitude features [9] and Gabor phase features [10] . In both situations, Gabor feature based micropattern representation significantly outperformed gray-level image based micropattern representation. However, an objective evaluation and fair comparison of micropattern representations on different Gabor features has not been reported in the literature.
In this paper, we conduct a comparative performance evaluation of micropattern representations on four forms of Gabor features (real part, imaginary part, magnitude and phase) for face recognition. Three evaluation rules are proposed and observed to conduct an objective and fair comparison. The three evaluation rules can exclude other interferential factors and thus ensure that our experiments deal exclusively with Gabor feature-level comparison of micropattern representations. To reduce the high feature dimensionality problem, the uniform quantization method is used to partition the spatial histograms of Gabor feature based micropatterns. The experimental results reveal that: 1) micropattern representation based on Gabor magnitude features outperforms the other three representations, and the performances of the other three are comparable; and 2) micropattern representation based on the combination of Gabor magnitude and phase features performs the best.
In the following, Section II introduces four forms of Gabor feature based micropattern representations. Section III proposes three rules observed for fair performance evaluation. Section IV conducts comparative experiments on the publicly available FERET database [11] . The last section concludes the paper with some discussions.
II. MICROPATTERN REPRESENTATION ON FOUR FORMS
OF GABOR FEATURES Gabor wavelets have been widely used in image processing and pattern recognition. The 2D Gabor kernel functions used for feature extraction are 
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B. Uniform Quantization of G_LBP Spatial Histograms
The histogram of G_LBP micropatterns contains important discriminative information. To preserve structural information, a Spatial Histogram (SH) which concatenates the histograms of several non-overlapping rectangular subregions is employed to represent a face: There are many similarity measures for histogram matching. Considering its simplicity and efficiency, the histogram intersection measure is used to compare two histograms in this paper.
III. EVALUATION RULES
To ensure an objective and fair comparison, the G_LBP operator implemented and experimented in this paper is a very basic version ( 8, 1 P R = = ) without any performance enhancement techniques such as subregion weighting or more complicated histogram measurement.
We also vary the subregion size and number of histogram bins to conduct the comparison under different parameters, and we observe the following three evaluation rules:
1) The Equal-Feature-Length rule, i.e., the histogram features of different micropattern representations must be of the same length; 2) The Same-Encoding-Operation rule, i.e., the micropatterns on different Gabor features must be encoded through the same thresholding function (using the central position) followed by a circular bit-wise concatenation; and 3) The Same-Encoding-Parameter rule, i.e., the micropattern representations on different Gabor features must be compared using the same set of parameters, such as subregion size and number of histogram bins.
IV. EVALUATION RESULTS
The comparative experiments are conducted on the publicly available FERET database [11] from four probe sets (FB, FC, Dup I and Dup II) against the gallery set FA. The four probe sets contain frontal face images with expression, illumination and aging variations. All the images are normalized and cropped to 88×88 pixels based on the positions of two eyes. 
A. Comparisons among Four Forms of Gabor Features

B. Comparisons between Combined Gabor Features
We also conduct comparative experiments on combined Gabor feature based LBPs, i.e., LBP from concatenated Gabor real part and imaginary part features ( 
